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TII2  SCLEKOTIC  RIKG  TO  THS  liABROSAURIDAE 

By  Loris  S.  Russell 

Assistant  Director  of  Vertebrate  Palaeontology 


■  •'     INTRODUCTION 

Sclerotic  ossifications  or  chondrifi cat ions  are 
vrncvn  in  a  great  variety  of  vertebrates,  exclusive  of 
r.cjiir:als  and  modern  ampbibians  (Edinger,  1929).  Those 
of  birds  have  been  most  systematically  studied,  not- 
iibly  by  Lemmrich  (1931).  This  author  established  the 
fact  that  the  sclerotic  ring  in  birds  consists  of  11 
to  16  plates  J  which  are  scale -like,  and  more  or  less 
overlapping.  The  overlap  is  not  continuous  in  one  di- 
rection; there  is  one  plate,  or  more,  v/hich  overlaps 
at  both  ends  (plus-plate),  and  one,  or  more,  which  is 
doubly  overlapped  (minus -plate ) .  ^//here  only  one  of 
each  of  these  plates  is  present  the  ring  is  divided 
into  tv/o  halves,  more  or  less  anterior  and  posterior, 
respectively,  and  not  usually  symmetrical.  The  minus- 
plate  lies  near  the  top  and  the  plus-plate  near  the 
bottom.  In  the  second  case,  v/here  two  plus-  and  minus- 
plates  are  present,  the  ring  becomes  divided  into  four 
quadrants,  v/ith  the  plus-plates  above  and  below,  and 
the  minus-plates  in  front  and  in  rear.  Lemnirich  desig- 
nated these  tv;o  types  of  arrangement  as  B  and  A,  re- 
spectively. The  accompanying  copies  of  his  diagrams 
(fig.l)  make  the  distinction  clear. 


A  B 

Fig.  1,  Diagram  shov/ing  the  tv;o  principal  types  of 
sclerotic  ring  in  birds,  /^fter  Lemmrich,  1931. 
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/iTiOrig  reptiles,  the  sclerotic  rings  of  the  marine 
foras,  ichthyosaurs,  plesiosaurs,  and  mosasaurs,  have 
long  been  kno\m.  In  Sphenodon  and  the  Lacertilia  the 
arrangement  is  that  of  LeiTirnrich's  type  A,  highly  modi- 
fied in  son^e  cases.  A  variety  of  archosaurs  possess 
the  structure,  including  the  dinosaurs.  Sclerotic 
rings  have  been  recognized  In  Plateosauru^  and  Dip/o~ 
docus  (Sauropoda),  Struthiomimus  (Theropoda) ,  Sauro^ 
I  op/7  us  ,  Prozourolophus  ^  and  "Trac/roc/an"  (Crnithopoda) , 
znd.  Centro^auras    (Ceratopsia) . 

Brovni  (1912)  v:as  the  first  to  describe  the  sclero- 
tic ring  of  a  hadrosaur.  In  his  description  of  the 
slrall  of  'Saurolophus  osbornL  he  interpreted  the  ring 
as  consisting  of  13  plates,  elongate -hexagonal  in 
shape,  and  overlapping  each  other  in  a  continuous, 
counter-cloclc.vise  (on  the  right  side)  series.  Such  an 
arrangement,  if  correct,  v;culd  be  unique.  Later,  v;hen 
5rovni  observed  sclerotic,  plates  in  the  orbit  of  the 
horned  dinosaur  "AfonoclonLua"  [Centrosaurus]  naslcorn- 
U3  (1917),  he  restored  the  ring  in  the  same  arrange- 
ment that  he  had  described  for  Saurolophus. 

A  much  more  normal  arrangement  of  the  sclerotic 
plates  v;as  described  by  Parks  (1928)  in  the  skull"  of 
the  theropod  Struthiomimus  samuQli .  Parks  observed 
that  the  ring  "seemed  to  be  com.poscd  of  tv;enty  plates 
arranged  in  four  quadrants.  The  central  upper  and 
lcv;er  plates  overlap  the  adjacent  plates  on  each  side; 
the  central  lateral  plate  on  each  side  is  correspond- 
ingly overlapped  by  both  adjacent  plates;  the  inter- 
mediate plates  are  in  accord  with  this  arrangement." 
It  v/iJ.l  be  seen  that  the  ring  described  by  Parks  be- 
longs to  Lemmrich*s  type  A.  The  occurrence  of  type  A 
sclerotic  rings  in  the  Hadrosauridae  was  shovm  by  Ed- 
ingcr  (1929,  p,  193),  v/ho  figured  and  briefly  de- 
scribed this  structure  in  the  famous  "Trachodon  am^ec- 
jfc2/73"skeleton  i'a  the  Senckenberg  Ivluseum.  In  this  spec- 
imen, the  upper  quadrants  of  the  ring  appear  to  contain 
TiOre  -plates  than  the  lower. 
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NEVr  LIATSRIAL 

A  skeleton  of  Lambcosaut^us  la/nb^t  Parks  (^5tQp/7- 
onosauru^  mar£inata^  of  Lajube's  later  v/ritings)  vjas 
collected  in  1919  by  a  Royal  Ontario.  Itiasciia  expodition 
under  the  direction  of  the  late  professor  W.A.  Parks • 
The  sDecimen  (No.  1218)  v/as  obtained  from  the  upper 
j3Qlly* River  beds  (Oldir.an  formation)  on  the  south  side 
of  Red  Deer  river,  in  legal  subdivision  3,  section  4, 
tcvmship  21,  range  11^  west  of  4th  meridian.  The  site 
is  quarr^^  3  of  the  Steveville  map*.  Preparation  of 
this  specinen  v;as  undertaken  recently  \y^j  G.B.  Lindblad 
and  isrhen  the  skull  (pi.  I)  v.^s  free  of  matrir,  L. 
Sternberg,  chief  preparator,  drev/  the  \7riter's  atten- 
tion to  the  occurrence  in  the  right  orbit  of  a  v/ell- 
pre served,  although  partly  displaced,  sclerotic  ring 

(pl.  ID- 
AS preserved^  the  posterior  half  of  the  ring  is  in 

place,  whereas  the  anterior  half  has  been  displaced 
considerably.  The  posterior  lainus -plate  is  clearly  re- 
cognizable, 'ddely  overlapped  by  the  pointed  ends  of 
the  ts^  adjacant  plates.  These  tv/o  overlapping  plates 
ore  actually  In  contact  at  their  adjacent  ends.  The 
existence  of  this  minus -plate,  so  clearly  deinonstrated 
by  the  preseiLt  specimen,  is  su:fficient  proof  that  the 
crrGngerien^t  of  the  overlap  is  not  serial,  but  is  op- 
posite in  different  pairts  of  ths  ring. 

Continuirg  up;Tards  sad  Torvjards,  clock*.'n.se,  fi^oni 
the  posterior  ninus-plate,  each  successlira  plate  is 
seen  to  overlap  widely  the  previous  one.  There  are  3 
of  these  plates,  and  the  last,  which  is  imperfect,  is 
thought  to  be  the  upper  plus-plate.  In  the  loTier  post- 
er', or  quadrant  the  overlap  is  in  the  opposite  direc- 
tion, end  there  are  4  plates  present.  That  the  last  of 
thece  is  the  lorrer  plus-plate  is  shcvn  by  the  fact 
that  it  still  overlaps  the  adjacent  plats  of  the  some- 
what displaced  ant ero- inferior  quadrant.  In  this  quad- 
rant the  plates  are  3  in  number,  overlapping  counter- 
clock-wise;  the  last  of  these  is  free  at  the  upper  end, 
duo  to  displacement  of  the  antero-superlor  quadrant. 


^^Pt.  LUnes,  Geol.  Surv.  Canada,  1936. 
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but  it  is  shallowly  excavated  at  this  end,  as  if  to 
receive  the  overlap  of  the  next  plate.  For  this  reason 
it  is  thought  to  be  the  anterior  miuus-plate.  Not  much 
can  be  determined  about  the  antero-superior  quadran-c, 
which  is  displaced  beneath  the  adjacent  plates,  but 
apparently  the  overlap  is  cloclr.vise. 

Individual  plates  have  an  elongate -hexagonal  form, 
the  pointed  ends  being  in  some  cases  irregular,  in 
others,  sraoothly  rounded.  The  external  surface  of  each 
is  shallowly  concave  from  side  to  side,  giving  a  faint 
trough-like  character  to  the  ring. 

The  restoration  of  the  sclerotic  ring  of  Lambeo- 
saurus^  v;hich  appears  in  figure  2,  is  doubtful  in  some 
particulars,  but  there  seems  to  be  no  doubt  that  an 
arrangement  of  Lemmrich^s  type  A  is  present.  The  post- 
ero-inforior  quadrant  is  composed  of  4  plates,  and  the 
antero-iriferior  and  postero-supericr  apparently  each 
of  one  less.  It  is  usual  in  rings  of  t3''pe  A  for  the 
number  of  plates  per  quadrant  to  vary.  Those  in  the 
antero-superior  quadrant  cannot  be  determined,  but. 
this  segment  is  restored  as  the  counterpart  of  the  op- 
posite quadrant,  v/ith  4  plates. 


Fig.  2.  Lambeosauru^    lombQi ^ 
sclerotic  ring;  natural  size. 
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'"  The  outside  diameter  of  the  perfect  ring  v;oulc  be. 
betv/een  55  and  60  millimeters,  and  the  inside  diameter 
not  more  than  30  mni.  Thj  s  indicates  a  pupil  of  relat- 
ively small  size,  especially  since  the  diameter  of  the 
orbit  is  over  30  mm.  at  its  narrouvest.  A  complete 
rlate  would  measure  about  22  mm.  in  length  and  13  to 
15  mm.  in  v;idth. 

Through  the  courtesy  of  l-Ir.  C#  M-  Sternberg,  the 
vrriter  has  had  the  opportunity  of  examining  the  scler- 
otic ring  from  a  skull  of  Saurolophu^  preserved  in  the 
collection  of  the  Geological  Survey  of  Canada,  Ottawa. 
On  this  specimen  the  presence  of  one  minus-  and  one 
plus-plavte  is  clearly  demionstrable,  but  there  has  been 
some  displacement,  and  the  displaced  plates  lie  in  the 
piece  of  m.atrix  rem.oved  fromi  the  front  of  the  ring.  If 
this  displaced  portion  is  the  postero-inferior  quad- 
rant, as  believed  by  Mr.  Sternberg,  tlie  arrangem.ent 
of  the  plates  would  be  that  of  Lemmrich's  type  B.  The 
somev:hat  less  probable  interpretation, that  the  antero- 
superior  quadrant  is  the  displaced  one,  would  permit 
interpretation  as  type  A-  In  any  case,  it  is  clear 
that  the  overlap  of  sclerotic  plates  in  this  specimen 
Qt  Saurolophas  is  not  serial,  but  is  interrupted  by 
the  presence  of  at  least  one  doubly  overlapped 
(minus-)  plate,  and  one  doubly  overlapping  (plus-) 
plate. 

CONCLUSIONS 

In^spite  of  the  very  definite  statement  by  Brovm 
that  the  sclerotic  plates  of  Saurolophus  overlap  ser- 
ially, \'c  seems  probable  that  the  ring  in  ha.drosaurs 
is  similar  to  that  in  birds,  Sphenodon ^  lizards,  and 
other  dinosaurs,  in  having  one  or  more  segments  in 
v.hich  the  plates  overlap  in  opposite  direction  to 
those  in  the  other  segment  or  segments.  In  Lambeosaur- 
u3  and  The^pesLus  we  find  the  arrangement  to  be  simil- 
-"  to  the  type  A  ring  of  birds,  i.e.,  divided  into  4 
quadrants,  v;ith  a  doubly  overlapping  (plus-)  plate 
^bove  and  belo7J,and  a  doubly  overlapped  (minus-)  plate 
'"■'  front  and  behind.  A  specimien  of  the  ring  luSauro- 
iQphu^  suggests  the  type  B  arrangement  of  birds,  with 
P'U:: -plate  at  one  end  and  minus-nlate  at  the  other. 
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EXPLAI'JATICN  OF  PLATIilS  i-        . 

PI  cite  1.  lambeo^auru^  /amJbel  VoxY^s  y  right  side  of 
2Y.U11,  Royal  Ontario  Lluseum  of  Palaeontology,  No. 1218, 
nhov.iiig  sclerotic  ring  in  place;   X  1/6. 


Plate  2.   Th.e   same,   showing  details  of  right   scler- 
otic ring;  X  1. 
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